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Summary

This article is the result of our long-term studies in the area of atherogenesis and continuing to date search for an-
swers to unresolved issues, in cooperation with the Angiogenesis Research Center, the Victor Babes University of Medi-
cine and Pharmacy (Timisoara, Romania). The results of these studies were presented at many national and international
symposia and congresses. Numerous studies have demonstrated that endothelial damage is a precursory symptom of
atherosclerosis, which leads to an increase of vascular permeability, activation of mast cells and migration of leukocytes,
lymphocytes, macrophages, adhesion of platelets, proliferation of vascular smooth muscle cells and eventual vasospasm
and pro-inflammatory condition. All of the above listed components can be rightfully considered active pathogenetic par-
ticipants in atherosclerosis and a result of aggregation of all risk factors that accompany a wide variety of cardiovascular
diseases, such as coronary heart disease, hypertension, diabetes, dyslipidemia etc. The influx of monocytes and mast cells
during the early stages of atherosclerosis leads to the most pronounced manifestations of vascular inflammation, especi-
ally in patients with metabolic disorders [1]. Angiogenesis is a very important pathogenetic element of atherosclerosis in
stages of complicated plaques, along with mast cells and macrophages. CD-105 is a sensitive marker of newly formed
endothelial cells, an effective index of activation and proliferation of microvessels, not only in aggressive forms of cancer,
but also in atherosclerotic plaques of the affected vessels. The plaque neovascularization process often begins in intima,
progresses and leads to further destabilization of atherosclerotic plaques (intramural hemorrhage, ruptures etc.). Also, an-
ti-MCT (mast cell tryptase) and CD-68 demonstrate clearly the important pathogenetic stages and patterns of atheroscle-
rosis development and its complications in patients with metabolic disorders. In our study, we analyzed the histotopogra-
phic distribution of newly formed blood vessels as a feature of angiogenesis, the extent of mast cell degranulation, the
expression of macrophages in different types of plaques, as well as various arterial vessels in patients with atherosclerosis
and metabolic syndrome, complicated by atherosclerosis. We have tried to analyze the importance of mast cells and ma-
crophages, the patterns of development of atherosclerosis stages, along with diagnostic and prognostic features. The study
included 34 patients, who died of atherosclerosis (no. =17) and atherosclerotic complications of metabolic syndrome (no.
=17). Fragments of their cerebral (middle cerebral arteries), carotid, coronary arteries, aorta (thoracic and abdominal
segments), renal, iliac and vertebral arteries were collected for research at autopsy. The fragments were processed using
standard techniques. The type definition of plaques was based on morphological classification, as well as on macroscopic
and histological images of hematoxylin-eosin stained sections and on histochemical methods — silver and orcein impreg-
nation. To determine the expression of mast cells in the affected vessels, we have used anti-MCT immunohistochemical
stain. Macrophages were identified using the CD-68 specific marker and the newly formed vessels — respectively, by using
CD-105 (Endoglin), which is specific. The evaluation of the results was based on determining the density and intensity
of the final reaction, reflected in the quantitative ratio of different zones of atheromatous plaques. Positively stained mast
cells, macrophages and newly formed vessels were found in many types of atherosclerotic plaques, especially in adven-
titia and in the immediate vicinity of plaques and in subendothelial layers. We found a statistical correlation between the
plaque type and clinical data. The immunohistochemical method is effective for determining mast cells, macrophages,
and newly formed vessels of atherosclerotic plaques, directly reflecting many important pathogenetic elements of athero-
genesis in patients with metabolic syndrome.

Key words: Atherosclerosis, metabolic syndrome, angiogenesis, mast cell, macrophage, stability of atherosclerotic
plaque, acute cardiovascular syndromes.

Rezumat. Angiogeneza plicilor aterosclerotice la pacientii cu sindrom metabolic

Acest articol este rezultatul studiilor indelungate in domeniul aterogenezei §i continua in prezent pentru solutio-
narea raspunsurilor multiplelor probleme nerezolvate, in colaborare cu Centrul de Cercetare in Angiogeneza, Univer-
sitatea de Medicina si Farmacie ,,Victor Babes” (Timisoara, Romania). Rezultatele acestor studii au fost prezentate la
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numeroase simpozioane si congrese nationale si internationale. Numeroase studii au demonstrat ca disfunctia endoteli-
ala este un semn precoce al aterosclerozei, ceea ce favorizeaza crestere a permeabilitatii vasculare, activarea mastoci-
telor si migrarea leucocitelor, limfocitelor, macrofagelor, adeziunea plachetara, proliferarea celulelor musculare netede
vasculare si eventual vasospasmul, ce in ansamblu determina un statut pro-inflamator. Toate componentele mai sus
mentionate pot fi considerate participanti patogenetici activi in ateroscleroza si un rezultat de agregare a tuturor facto-
rilor de risc care insotesc o varietate mare de boli cardiovasculare acute, cum ar fi boala coronariand, hipertensiunea,
diabetul zaharat, dislipidemiile etc. Afluxul de monocite si mastocite la etapele precoce ale aterosclerozei, determina
manifestarile mai pronuntate ale inflamatiei vasculare, in special, la pacientii cu tulburari metabolice [1]. Angiogeneza
este un element patogenetic important al aterosclerozei la etape de placi complicate, impreuna cu mastocite si macro-
fage. CD - 105 este un marker sensibil al celulelor endoteliale noiformate, un indice efectiv al activarii si proliferarii
microvaselor, nu numai in forme agresive de cancer, dar si in placile aterosclerotice ale vaselor afectate. Procesul de
neovascularizatie a placilor ateromatoase, adesea incepe de la intima, progreseaza si favorizeaza destabilizarea in con-
tinuare a placilor aterosclerotice (rupturi, hemoragii etc.). De asemenea, anti-MCT (triptaza mastocitard) si CD - 68
demonstreaza in mod clar etapele importante patogenetice si modele de dezvoltare a aterosclerozei si a complicatiilor
sale, la pacientii cu sindromul metabolic. In studiul de fati, am analizat distributia histotopografica a vaselor noifor-
mate ca o caracteristica a angiogenezei, gradul de degranulare a mastocitelor, expresia macrofagelor in diferite tipuri
de placi, in diferite vase arteriale la pacienti cu ateroscleroza si sindromul metabolic complicat cu ateroscleroza. Noi
am incercat sa analizdm importanta mastocitelor si macrofagelor, etapelor de dezvoltare a aterosclerozei, de asemenea,
criteriile de diagnostic si prognostic. Studiul nostru a inclus 34 de pacienti, care au decedat de ateroscleroza (nr. = 17)
si complicatiile aterosclerotice ale sindromului metabolic (nr. = 17). Fragmente de aa. cerebrale (arterele cerebrale me-
dii), aa. carotide, arterele coronare, aorte (toracice si segmente abdominale), aa. renale, aa. iliace si arterele vertebrale
au fost prelevate pentru cercetare in timpul necropsiilor. Fragmentele au fost prelucrate folosind tehnicile histologice
uzuale. Determinarea tipurilor de placi a fost bazata pe clasificarea morfologica, macroscopica si histopatologica ale
sectiunilor colorate Hematoxilina-Eozina, histochimice - Impregnare Argentica si Orceind. Pentru a determina expresia
celulelor mastocitare in vasele afectate, am folosit anti-MCT. Macrofagele au fost identificate folosind CD-68 markerul
specific si pentru vasele noiformate - respectiv, prin aplicarea CD-105 (endoglin), care este specific. Evaluarea rezulta-
telor sa bazat pe determinarea densitatii si intensitatii reactiei finale, reflectate in raportul cantitativ al diferitelor zone
ale placilor ateromatoase. Mastocitele pozitiv colorate, macrofage si vasele noiformate s-au gasit in mai multe tipuri de
placi aterosclerotice, in special in adventice si in imediata apropiere a placilor si in straturile subendoteliale. Am gasit
o corelatie statistica intre tipul de placa si datele clinice. Metoda imunohistochimica este eficientd pentru determinarea
mastocitelor, macrofagelor si vaselelor noiformate ale placilor aterosclerotice, in mod direct reflectand multe elemente
patogenice importante ale aterogenezei la pacientii cu sindrom metabolic.

Cuvinte-cheie: ateroscleroza, sindrom metabolic, angiogeneza, mastocit, macrofag, stabilitatea placilor ateroscle-
rotice, sindroamele cardiovasculare acute.

Pe3oMe. AHTHOreHe3 aTepocKJIepOTHYECKHX OslIeK Y MAIHEeHTOB ¢ MeTaA00JIMYeCKUM CHHIPOMOM

JlanHas cTaThs SBISETCS PE3YyNbTaTOM HAIIMX JUIMTENBHBIX MCCIEAOBAaHWNA B OOMAacTH areporeHes’a W
MIPOIODKAIOIINXCS, Ha CETOTHSIIHUHN JeHb, TIOMCKOB OTBETOB Ha HEpa3pelIEHHbIE BONPOCHI COBMECTHO ¢ HayuHbIM
Lentpom mo Msydenuto AHruorenesza, YHuBepcutTeTa Menuimael u @apmanuu uMm. Buxtop babem (Tmmwumoapa,
PyMmbIHNSA), pe3yaspTaTbl KOTOPHIX OBUIM NPEACTABICHBI HA MHOTUX HAlMOHAJIBHBIX, MEXIYHAPOTHBIX CHMITO3HMyMax
U KOHrpeccax. MHOTOUNCIIEHHBIE HCCIEIOBAHUSA NEMOHCTPUPYIOT, YTO IMOBPEXKICHHE SHAOTEIHS SBIICTCS PAaHHUM
MIPEIBECTHUKOM aTepPOCKIIEPO3a, KOTOPas MPUBOANT K MOBBIIICHUIO TPOHUIIAEMOCTH COCY/IOB, aKTHBAI[UN MAaCTOIIUTOB,
MUTPAIX JISHKOLUTOB, TUM(OLIUTOB, Makpo(haros, aare3u TpOMOOLUTOB, PONU(Eepalui [aKOMBIIICUHBIX KIETOK
COCYIOB M B KOHEYHOM CYETE BBI3BIBAsI CIIa3M COCYIOB M IPOBOCIIAJMTENBHBIA cTaTyc. Bce BEIIE MepedncieHHbIe
KOMIIOHEHTHI MO>KHO ITOJTHOTIPABHO CYUTATh AKTUBHBIMHU [TATOT€HETHIE CKIMHU yYaCTHUKAMHU aTePOCKIePO3a U KaK pe3ylIbTaT
arperanuu Bcex (pakTopoB pUCKa CONPOBOXK/IAIOIINE NIMPOKHH CHIEKTP CeplIeuHO-COCYANCTIX 3a00JIeBaHUI, TAKMX KaK
uIIeMudeckas 00JIe3Hb CepAla, TUIIEPTOHUS, CaXapHBIN IHa0eT, TUCTUIMHASMHHN U T.1. [[pUTOK MacTOIIUTOB U MOHOITUTOB
Ha PaHHUX CTAJAUAX aTepPOCKICPOTHUECKOTro MpoIiecca MPUBOAUT K Haubosee BRIPaKCHHBIM MPOSBICHUSAM COCYAUCTOTO
BOCIIAJICHHsI, 0COOCHHO y TIAIIMEHTOB C META00IMUECKIUMHU paccTporicTBamH [ 1]. BaykHelmM maroreHeTHueCKIM 3BEHOM
aTepoCKIIepo3a, B CTATUAX OCIOKHEHHBIX OJIAIICK, SIBISCTCS aHTHOTeHE3, Ha PSILy ¢ MacTOIUTaMU B Makpodaramu. CD-
105 siBisieTcst 4yBCTBUTENIBLHBIM MapKepOM HOBOOOPA30BaHBIX HHIIOTEIHATIBHBIX KIETOK, d3(Q(EKTHBHBIM ITOKa3aTeieM
aKTHBAllMM ¥ Ipoirdepalii MHKPOCOCYJOB, HE TOJIbKO B arpecCHMBHBIX (OpMax 3JI0KaYE€CTBEHHBIX OITYXOJEH,
HO W B aTEPOCKIEPOTHYECKHX ONAIIKaX Mopak€HHBIX cocyloB. Ilpomecc HeoBacKymspu3amuu OJAIIEK, 3a4acTyio
HAYMHAETCS C WHTHMBI, IPOTPECCUPYET U MPHUBOIUT K JaNbHEHIIeH AecTaOMIn3aIiy aTepoCKICPOTHUECKUX OIIIIeK
(MHTpaMypalbHble KPOBOMBJIMSHUS, pa3pbiBel u 1p.). Taxxke antTu-MCT (mast cell tryptase) u CD-68 HamisamHO
JIEMOHCTPUPYIOT Ba)KHBIE NTATOTEHETUYECKHIE 3TAIBl U 3aKOHOMEPHOCTH Pa3BUTHS aTepPOCKIEPO3a M €ro OCIOKHEHUH Y
MAIMEHTOB C METa00INYEeCKUMH HapyIIeHUsIMH. B HallleM ncciieToBaHUU MbI [TPOaHATU3UPOBANIY TUCTOTONOrpaduieckoe
pacmpesieieHe HOBOOOPA30BAHHBIX COCYIOB KaK OCOOCHHOCTH AHTHOTEHE3a, CTETEeHb JACTPaHyISAIMH MacTOIUTOB,
IKCIIPECCHI0 Makpo(haroB B PazMYHBIX THIAX OJSIIEK, & TAK)KE Pa3HbIX apTepHalbHBIX COCYIOB Y MAaIl[EHTOB C
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aTepOCKIIEPO30M U METAOOIMUYECKIM CHHAPOMOM OCJIOKHEHHBIM aTepOoCKIIep030M. MBI IOIpo0oBay IPoaHATH3HPOBATh
3HaUEHNE MAaCTOIMTOB U MaKpo(aros, 3aKOHOMEPHOCTEH Pa3BUTHS CTA/INI aTEPOCKIIePO3a, HAPSITY C THArHOCTUYECKUMHU
Y POTHOCTHYECKUMH 0COOSHHOCTSMU. B ucciieoBanne ObIT0 BKIIIOYEHO 34 MaIMeHTa, yMEPIIUX OT aTepockieposa (n =
17) u aTepoCKIEPOTHIESCKUX OCIOKHEHNH MeTabonndeckoro cuaapomMa (n = 17), y KOTOPBIX TIPH BCKPHITHH OBLITH B3STHI
JUIsl KCCIIEIOBaHUH ()parMeHThI MO3TOBBIX (CPEIHIE MO3TOBBIC aPTEPHH ), COHHBIX apTepUil, KOPOHAPHBIX aPTEPHid, AOPTHI
(TpynHO# ¥ OPIONIHOM OTIENIOB) MOYEUHBIX, MMOJB3IOIIHBIX W TTO3BOHOUHBIX apTepuil. @parMeHThl ObLTH 00pabOTaHBI C
MOMOIIIBIO CTAaHJAPTHBIX MeToAMK. Ompe/iesieHre TUIa OJISIIEK 0CHOBBIBAIOCH Ha MOP(hOI0rniecKoil kiaccudukanmm, a
TaK)Ke Ha OCHOBaHMH MaKpPOCKOITMYECKOW U TUCTOJIOTUYECKOM KapTHHBI OKpallleHHBIX [.-D. Cpe30B U THCTOXMMHUUECKUX
METOIOB — UIMITPErHUPOBaHKE cepeOpoM 1 opcerHoM. [1J1st onpe/iesieHus SKCIPECCUU MACTOLIMTOB B ITOPAYKEHHBIX COCYIaxX
MBI UCTIOB30BAId UMMYHOTHCTOXUMUYEeCKyi0 okpacky aHTH-MCT (mast cell tryptase). Makpodaru ObLIM BBISIBIECHBI
npuMensisi crieruduueckuii Mmapkep CD-68, a HOBOOOpa3oBaHHBIE COCYIbl — cooTBeTcTBeHHO, CD-105 (DHmoruH),
spyIstrolmiics crennuuHbiM. OlleHKa pe3yJabTaroB ObUla OCHOBaHa Ha OINPEETICHUH IUIOTHOCTH U WHTEHCUBHOCTH
OKOHYATEJIbHOW PEaKIfH, OTPAKEHHOW B KOJWYECTBEHHOM COOTHOILICHHH Pa3JIMYHBIX 30H aT€POMATO3HBIX OJISIIIEK.
[TonoXXUTeIbHO OKpAallleHHbIE MACTOIMTBI, Makpo(arn U HOBOOOPA30BaHHBIE COCY/bI BBISBICHBI BO MHOI'MX THIIaX
aTepOCKIIEPOTHUECKUX OJISIIEeK, 1 OCOOCHHO B aJIBEHTUIINH, TaK k€ OOHApPYKEHBI B HEMOCPEACTBEHHON ONM30CTH OT
Onsiek ¥ B CyOdHAOTENUANBHBIX CIOSAX. Mbl OOHApYKHJIM CTATUCTUYECKYIO KOPPEISIIIMI0 MEXAY THIA OJSIIKA U
KJIMHUYECKUX JIaHHBIX. VIMMYHOTHCTOXMMHUUYECKUH MeToJ| d((PEKTUBEH ISl ONpelelieHus] MaCTOIIMTOB, MakpogaroB
U HOBOOOPA30BaHBIX COCYJOB aTepOCKICPOTHYECKHX OJISIIEK M HEMOCPEJCTBEHHO OTpakaeT MHOTHE BaKHBIE

MaTOr€HETUYECKUE 3BEHbsI aTepOreHe3a y OOJIBbHBIX ¢ META0OINYECKUM CHHIPOMOM.
KuioueBble cjioBa: ATepockiepo3, MeTaboIndecKuii CHHAPOM, aHTHOT€HEe3, MACTOIIHT, Makpodar, CTabUILHOCTh
aTePOCKIIEPOTHYUECKOH OJISIIKH, OCTPhIE CEPCYHO-COCYAUCTHIC CHHAPOMBI

Relevance of the problem

Cardiovascular diseases constitute the most com-
mon cause of premature death in industrialized coun-
tries, accounting for 4.35 million deaths annually in
Europe, and 35% - in the UK [2]. Despite the signifi-
cant progress made in clinical methods of diagnosis
and symptomatic treatment of cardiovascular disea-
ses and metabolic syndrome, atherosclerosis is still
a leading cause of morbidity and mortality not only
in Moldova, but also worldwide. The leading role
of inflammation in atherogenesis acquired wide re-
cognition in the scientific community and forced us
to rethink our ideas about the stages of formation of
atherosclerotic plaques.

Atherosclerosis is directly related to symp-
toms of cardiovascular diseases and strokes, major
consequences of which are death and disability.
Atherosclerosis is a polyetiological disease with
numerous risk factors, including smoking, alcohol
abuse, hypertension, diabetes, dyslipidemia, and in-
fection. All these factors involve complex interac-
tions between various components - inflammation,
lipid metabolism, blood coagulation system, hypo-
xia, apoptosis and immune response. The instability
of the atherosclerotic plaque is a relatively indepen-
dent risk factor for ischemic stroke [4,5,6,7]. In the
absence of atherosclerosis, normal vessel walls have
their microcirculatory bed limited by an adventitio-
us membrane [8]. Intima of the newly formed ves-
sels, associated to atherosclerotic plaques, was first
studied in 1876 by Koester [9].

In atherosclerotic plaques, angiogenesis allows
the formation of new microvessels, in order to main-

tain the necessary level of oxygen and nutrients in the
vascular wall [7].

The growth of newly formed vessels occurs in
areas of atherosclerotic lesions that undergo constant
changes, renovations and are prone to rupture. Some
studies show that the formation of new blood vessels
contributes to growth of atherosclerotic lesions and is
a key factor leading to plaque rupture and destabiliza-
tion [10,11]. Some of the newly formed blood vessels
are immature and similar to those observed in neo-
vascularization of solid tumors, and, therefore, they
may contribute to the development of hemorrhage in
plaques and subsequent instability [6.8.12]. CD-105
is a homodimeric, integral membrane glycoprotein,
consisting of 90-95 kDa subunits, with disulfide links
[13]. It is a component of transforming growth factor
beta, TGF-, receptor complex. CD105 appears in an-
giogenic endothelial cells [14,15].

CD-105 is a sensitive marker for identification of
newly formed blood vessels and, in tumors — their
growth and outcome prediction [16,17].

CD-105 is a specific and sensitive marker for the
evaluation of newly formed vessels in atherosclero-
tic plaques [18,19]. Determining the level of circula-
ting soluble CD-105 sensitive antigens can determine
exactly the presence of unstable plaques or their rup-
tures [20].

The three main types of cells - mast cells, macro-
phages and T-lymphocytes - usually constitute the in-
flammatory cell infiltrates of atherosclerotic plaques
and intercellular substance [21,22].

The immune response is composed of three types
of activated inflammatory cells, which interact simul-
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taneously (V. Anestiadi, V. Nagornev, E. Zota) [23].
Mast cells are formed from stem cells of the bone mar-
row and circulate freely in the peripheral blood. The
granules of mast cells contain a number of mediators,
such as neutral protease, tryptase, chymase, cathepsin
G, histamine, heparin, a large number of cytokines and
chemokines, tumor necrosis factor (TNF-a), interle-
ukins (IL), vascular endothelial growth factors (VEGF)
and basic fibroblast growth factor (bFGF) [24]. The in-
filtration by inflammatory cells of the vessel wall, in
particular the intima, has an important role in the patho-
genesis of atherosclerosis development and, probably,
is the main cause of acute cardiovascular syndromes
(e.g. myocardial infarction and stroke). Atherosclerosis
is currently regarded as a complex metabolic disorder
with progression of chronic inflammatory processes.
An important peculiarity is the ability of mast cells to
release their cytoplasmic content (granules) and be-
come active in the extracellular space. Activated mast
cells secrete large amounts of chemotactic molecules,
activators of inflammatory reactions. In addition, these
same mast cells bind nonspecifically to the low densi-
ty lipoproteins (LDL), which can be phagocytosed by
macrophages and then form foam cells, the main cellu-
lar component of atherosclerotic lesions (V. Anestiadi,
V. Nagorneyv, E. Zota) [25].

Mast cells have different functions that can mo-
dulate the atherogenesis in natural conditions. Mast
cells are crucial in the development of atherosclerotic
plaque. The participation of mast cells in atherogenesis
allows us to really interpret the phenomena associated
with clinical manifestations, early diagnostic prospects,
to identify therapeutic targets of treatment and indivi-
dual prognosis in patients with metabolic syndrome
complicated by atherosclerosis. The manifestations of
different stages of atherosclerotic plaques, in different
types of arterial vessels, are described incompletely
and the expression of markers specific to mast cells has
not been fully studied to date.

We have noted the statistical correlation between
the type of plaque and the clinical data. The immu-
nohistochemical method is effective for determining
mast cells of atherosclerotic plaque and directly re-
flects the enzymatic activity of mast cell proteases,
some important pathogenetic links of atherogenesis
in patients with metabolic syndrome. The obtained
data can serve as a substrate for further research to
identify potentially valuable and new methods for
early lifetime diagnostics and therapeutic purposes.

Research objective

Microscopic analysis of histotopographical dis-
tribution of newly formed blood vessels, the extent
of mast cell degranulation, macrophage expression

in different stages of plaque development, as well as
various types of arterial vessels in patients with arte-
riosclerosis and metabolic syndrome complicated by
atherosclerosis.

Also, we have analyzed the importance of mast
cells and macrophages, the patterns of development
of atherosclerosis stages, statistical correlations along
with diagnostic and prognostic features.

Material and methods

The evaluation of results was based on the de-
termination of density distribution of staining and
intensity of the final reaction, reflected in the quan-
titative ratio of the different zones of atheromatous
plaques. Positively stained mast cells were found in
many types of atherosclerotic plaques, especially in
adventitia and in the immediate vicinity of plaques
and in subendothelial layers.

34 patients with atherosclerosis and metabolic
syndrome were investigated. Representatives of all
age groups were among them, but the degree of affec-
tion increased after the age of 40. The age ranged
from 44 to 83 years (the average age was 62.8 years).
There were 14 women (41, 2%) and 20 men (the ave-
rage age constituted 58, 8%), who died of atheroscle-
rosis (no. =17) and atherosclerotic complications of
the metabolic syndrome (no. =17). Fragments of their
cerebral (middle cerebral arteries), carotid, coronary
arteries, aorta (thoracic and abdominal segments),
renal, iliac and vertebral arteries were collected for
research at autopsy.

The vessel fragments were processed according to
standard procedures (fixed in 10% buffered formalin
solution, enclosed in paraffin blocks and 5.4 micro-
meter thick sections were obtained). The definition
of the plaque type and stage was based on the AHA
(American Heart Association, 1995) morphological
classification [24], taking into account the macrosco-
pic, histological image of the hematoxylin-eosin stai-
ned sections and histochemical methods - silver and
orcein impregnation.

Additional sections of paraffin blocks were pro-
cessed immunohistochemically. The sections were
deparaffinized, hydrated, and then, the reaction to an-
tigen detection in the PT Link module (DakoCytoma-
tion, Denmark) was carried out. The next stage was
the incubation of primary antibodies, using NovoLink
Max Polymer Detection System, and, to visualize the
final reaction, we used 3.3 of diaminobenzidine dihy-
drochloride, as a chromogen with brown staining. A
more detailed description of the immunohistochemi-
cal procedures is presented in Table 1.

CD-105 (Endoglin) was used to determine the
immunohistochemical expression of the endothelium
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Table 1
IHC detection system of mast cells, macrophages and newly formed blood vessels
M. Manu- Concen- Detection Antigen | . Incu'ba-
arker Clone . . tion of primary
facturer tration system retrieval antibody
CD105 Dako Monoclonal 1: 10 NovoLink Protei- 30 minutes,
Endoglin Glostrup, mouse Max Polymer De- | nase K, 10 | indoor tempera-
Den- antihuman, tection System minutes ture
mark clone SN6h
anti-MCT Neo- Mouse RTU NovolLink Micro- 30 minutes,
(mast cell | Markers Monoclonal | (concentration| Max Polymer De- | waves, 30 | indoor tempera-
tryptase) Fremont, CA | Antibody, clone | prepared for tection System | minutes, pH 6 ture
AAl) use)
CD68 Dako Monoclonal 1:25 NovoLink Micro- 30 minutes,
Glostrup, mouse Max Polymer De- | waves, 30 | indoor tempera-
Den- antihuman, tection System | minutes, pH 6 ture
mark OBEnd 10
of newly formed blood vessels, as well as anti-MCT | Leukocytes (x10°/]) 8,42 8,75
(mast cell tryptase) for mast cells and CD-68, respec- | Lymphocytes (%) 24,5 26,7
tively, for macrophages. All the immunohistochemical | Monocytes (%) 7,57 6,21
procedures were performed using the DakoAutostainer | Prothrombin (%) 73,6 78,6
Plus (DakoCytomation, Denmark) automated system. | Fibrinogen (g/l) 3,3 5,39
Quantitative analysis: The hot-spot method [26]  LESR (mm/hour) 17,5 25,5

is the most effective and frequently used method for
quantitative determination of histological structures.
Using an optical microscope, the areas of interest are
studied at 200x magnification, which corresponds
to the surface of 0.74 mm?. The method consists in
the study of three fields with the highest density of
histological structures (capillaries, cells), and then re-
counting and calculation of the arithmetic mean.

In the statistical analysis, we used the commercial
software SPSS 19.0 and Microsoft Office 2013 (Mi-
crosoft Excel Worksheet), as well as x* and Student
tests, p<0.05.

To investigate the histological specimens and ob-
tain images, we used the microscopes Nikon Eclipse
E 600 (Nikon, Japan), Nikon Labothot-2 and Carl Ze-
iss Axiolab. All the immunohistochemical investiga-
tions were carried out at the Angiogenesis Research
Center (Timisoara, Romania).

All clinical data and results of lifetime laboratory
tests were used from patients’ medical records.

Table 2

Biochemical laboratory data of the patients

included in the study

Atherosclerosis | Metabolic
syndrome
Age (average) 63,4 62,2
Gender (3/3) 11/6 9/8
Blood glucose (mmol/l) 4,74 16,2
Total cholesterol (mmol/l) 6,90 6,01
Triglycerides (mmol/l) 0,86 1,58
HDL (mmol/l) 1,003 1,023
LDL (mmol/l) 1,99 3,29

Estimation of results

Initially, to identify the correlation between the ex-
pression of mast cells, macrophages and newly formed
blood vessels, their histotopographic localization and
histopathological types of atherosclerotic plaques, we
used the conventional histopathological classification,
in accordance with WHO recommendations.

In order to evaluate the intensity of the reactions,
we used the principle based on the number of posi-
tively stained cells and blood vessels, and namely:
negative (denoted by 0), slightly positive with less
than 10% of stained cells (1+), moderately positive
with 11-50% of stained cells (2++), and strongly po-
sitive with more than 50% of stained cells (3+++).
The intensity of the final reaction was not taken into
account, because all stained cells showed an inten-
se reaction, even if they were few and isolated. The
number of mast cells was assessed by two observers
simultaneously, using the arithmetic mean of positive
cells in the three respective fields of view (provided
that they were present).

Statistical analysis: For statistical analysis, the
commercial software Microsoft Office 2013 (Micro-
soft Excel Worksheet) and Spearman type correlation
tests were used. The statistically significant p<0,05
correlation was taken into account. Correlations were
found between the expression of mast cells, macro-
phages and newly formed vessels, their histotopogra-
phic distribution in the atherosclerotic plaques of va-
rious types of vessels and clinical factors considering
the laboratory data.
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Table 3
Quantitative distribution of histopathological types of atherosclerotic plaques
Type of | Cerebral | Carotid Coronary| Renal Iliac Vertebral | Total of
lesion / arteries | arteries | Aorta | arteries | arteries | arteries arteries plaque
artery types
Group 1 IL 5 2 0 5 5 2 0 19
(4) FP 9 7 7 7 7 10 4 51
CFP 3 8 10 5 5 5 )i 36
Group 2 IL 2 0 0 2 2 0 0 6
(MS) FP 10 10 11 13 13 10 12 79
CFP 5 7 6 2 2 7 0 29
Total IL 7 2 0 7 7 2 0 25
FP 19 17 18 20 20 20 16 130
CFP 8 15 16 7 7 12 1 66

IL — intermediate lesion, FP — fibrous plaque, CFP — calcified fibrous plaque.

Results and discussion

The histopathological analysis revealed the exis-
tence of three major (conditional) types of atheroscle-
rotic lesions in the two study groups: intermediate
lesion (IL), fibrous (formed) plaque (FP), calcified fi-
brous plaque (and/or complicated) (CFP) in all studi-
ed vessels, which, in turn, were stained with hemato-
xylin-eosin, orcein and impregnated with silver. The
histopathological evaluation with determination of

GROUP 1 [ATHEROSCLEROSIS) MCT

microscopic stage and type of atherosclerotic plaques
is shown in Table 3.

The final, positive, immunohistochemical reacti-
on to anti-MCT manifested itself as staining in the
form of granular cytoplasmic pattern, limited by mast
cells (some of them with degranulation). The ratio of
expression of anti-MCT and macrophages, with his-
totopographic distribution at plaque level, is shown in
Figures 1 and 2.

GROUP 2 [METABOLIC SYNDROME) MCT

Figure 1. Histotopographic expression of mast cells in atherosclerotic plaques of various types of vessels.

GROUP 1 (ATHEROSCLEROSIS) CD-68

GROUP 2 (METABOLIC SYNDROME) CD-68

Figure 2. Histotopographic expression of macrophages in atherosclerotic plaques of various types of vessels.
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Picture 1. Aortic atherosclerotic plaque (calcified fibrous plaque). Hematoxylin-eosin staining (a); Orcein staining
(b); Staining - silver impregnation (c); positively stained (anti-MCT) mast cells in endothelium (d); positively stained
(anti-MCT) mast cells in subendothelium (e); positively stained (anti-MCT) mast cells in close proximity to the area of
calcification (f); positively stained (anti-MCT) mast cells in proximity to adventitia in plaque site (g) and aloof from it
(h)). Original magnification 100x and 400x.

| - - s g
Picture 2. Atherosclerotic carotid plaque (calcified fibrous plaque). Hematoxylin-eosin staining (a); Orcein staining (b);
Staining - silver impregnation (c); positively stained (anti-MCT) mast cells in fibrous plaque (d), calcified focus in the
carotid artery (e); degranulated, positively stained mast cell near calcification focus (f); positively stained (anti-MCT)
mast cells in close proximity to the area of calcification (g). Original magnification 100x and 400x.

d— ¢ f
Picture 3. Complicated atherosclerotic carotid plaque (fibrous plaque) — moderately and intensively positive CD-105-
stained endothelium (a, b, c,); Complicated aortic atherosclerotic plaque (fibrous plaque) — many newly formed blood
vessels and intensively positive CD-105-stained endothelium (d, e, f). CD-105 staining. Original magnification 100x
and 400x.
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Picture 4. Complicated atherosclerotic carotid plaque (calcified fibrous plaque) — moderately, positively CD-105-
stained endothelial cells with a tendency to form plexus and capillaries (a, b, ¢, d, e). CD-105 staining. Original magni-
fication 400x and 1000x.

Conclusion

In this study, we have shown the existence of di-
fferential expression of anti-MCT, CD-68 and CD-
105 (Endoglin) in different types of atherosclerotic
lesions and different types of vessels, in association
with histotopographic distribution.

The data obtained confirm the theory of evolution
and the pathogenetic mechanisms of atherogenesis.
Despite these assertions, today there are still many
unresolved scientific and clinical problems.

For comparison, one can cite as an example the
angiogenesis of tumor processes, in which mast cel-
Is and macrophages, likewise in the formation of
atherosclerotic plaques, are involved in neovascula-
rization (only discussing general mechanisms, functi-
ons and pathophysiological components).

Anti-MCT and CD-68 are selective markers for
mast cells, macrophages, which are important compo-
nents of the immune processes in the initiation, proli-
feration and differentiation of cells in atherosclerotic
lesions. In addition to T-lymphocytes and macropha-
ges, other immune effector cells are also involved in
atherosclerotic lesions, while lymphocytes, macroph-
ages prevail over mast cells, which perform an im-
portant function in the development of atherosclerotic
plaque in different vessels, explained by production
of large quantities of proteases, including those pro-
duced by macrophages, with their accumulation in
the necrotic nucleus of the plaque.

The factors produced by mast cells and macro-
phages may contribute to the destruction of the inter-
cellular matrix and cause an additional modification
of LDL. Most of the studied vessels were positively

anti-MCT- and CD-68- stained in the endothelium,
atherosclerotic plaque, tunica media and adventitia,
as well as in vasa vasorum.

Obviously, the endothelial cells (EC), mast cel-
Is, macrophages and lymphocytes are effector cel-
Is, involved in atherogenesis with development of
atherosclerotic plaques in patients with atheroscle-
rosis and MS. Mast cells regulate the behavior of
SMC (smooth muscle cells), most likely through
their secreted mediators. The collagen fibers, produ-
ced by SMC, may prevent ruptures of atherosclerotic
plaques. Nevertheless, the chymase inhibits mast cell
proliferation and collagen synthesis of SMC, thereby
decreasing the stability of the plaque. The action of
mast cell proinflammatory cytokines, such as TNF-a,
induces the expression of SMC protease. TNF-a-
positive mast cells, MMP-cysteine cathepsin - posi-
tive SMC proteases, together with macrophages, su-
ggest a regulatory role in the expression of cellular
mediators, mast cell proteases in SMC activation in
sites of atherosclerotic plaque rupture. Localization
of mast cells and macrophages in the vessel wall,
particularly perivascularly and in intima, assumes an
important role in the pathogenesis of atherosclerosis
and, perhaps, is the major cause of acute cardiovascu-
lar diseases (myocardial infarction and cerebral stro-
ke, in particular).

The role of angiogenesis in the development of
atherosclerosis is probably complex and depends on
the stage of the pathological process. The develop-
ment of microvessels in atheromatous plaques is the
result of neovascularization; these newly formed ca-
pillaries are fragile and prone to rupture with hemor-
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rhage. Fibrin deposits in the plaques, the formation
of hemosiderin and the beginning of immune inflam-
mation are evidence of bleeding within atheromatous
lesions. The importance of angiogenesis in the desta-
bilization and destruction of atherosclerotic plaques
remains an unresolved issue, but some of the recent
judgment on the underlying causes of plaque insta-
bility can lead to a new, promising interpretation of
atherogenesis in general.

Patterns of development of atherosclerotic plaques
(stability or instability) depend, to great extent, on
the angiogenesis of the atherosclerotic process. Our
results show that the comparative immunohistoche-
mical method using vascular markers demonstrates
the important pathogenetic aspects in the formation
of atherosclerotic plaques. Mast cells and macropha-
ges, as well as other immunocompetent cells, play an
important role in the development of atherosclerotic
plaques and, last but not least, in the angiogenesis pro-
cess. The question arises whether the inhibition of an-
giogenesis could be a therapeutic target in atheroscle-
rosis or how it can be used in the metabolic syndrome.
Available data indicate that antiangiogenic therapy
may have a potential impact on the development of
neointima in atherosclerotic lesions, and side effects
and exposure to harmful factors are likely to inhibit
the endothelium function and regeneration. These as-
sertions are supported by scientific data obtained by
many laboratories, which demonstrate that VEGF has
a protective effect on the endothelium of the arteries.
Recent clinical studies of VEGF inhibitor antibodies,
when using Bevacizumab (Avastin) in malignant tu-
mors, indicate that up to 5% of all patients receiving
Avastin may have an increased risk of thromboem-
bolism, including acute stroke, myocardial infarction
and deep phlebothrombosis. These data suggest that
endogenous VEGF may play a certain atheroprotec-
tive role in vascularization. The plurality of VEGF
biologically important functions and the integrity of
vascular endothelium functions are solid arguments
that currently limit any antiangiogenic approaches for
the treatment of cardiovascular diseases.

CD-105 is a valuable marker of angiogenesis of
atherosclerotic plaques, intimal arteries and adventi-
tial vessels, an indicator of the degree of variation in
the pathological development of atherosclerosis - the
factors that may be important in introducing modern
methods of research, diagnosis, treatment and pro-
gnosis of these diseases.
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